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1. Introduction 
The Manufacturing Industry has moved always moved forward at a staggering rate. New technologies have allowed us to improve, develop and discover means of manufacture to meet the demands of the modern world. Most Manufacture is either a reductive or additive technique. Casting or moulding has been put on the backfoot since sophisticated additive methods have been developed. 3D printers are a massive part of the industry producing many of the products we use today as far as the buildings we live in. 
Powder metallurgy has been around for thousands of years and dates back to the ancient Egyptians for jewelry, vases and other luxury items. Metallurgy is the science of metal and in this context, separating metals from their ores and using them to manufacture strong, valuable products usually by smelting or refining. Today, this method of manipulating metal powders is at a very sophisticated level known as Direct Metal Laser Sintering
Welding has moved forward from its traditional  

















2. Direct Metal Laser Sintering

DMLS has only made possible in recent times thanks to developments in high power-density lasers. Sintering involves the heating the powdered metal with a laser in 2D layers at a temperature below its melting point but high enough to metallurgically bond the individual particles, increasing density and strength. 
This means of additive manufacturing uses the lasers to sinter the powdered metal in these microscopic layers until the desired geometry of the part is complete. The un-sintered powder is then simply brushed away, and then re-used, leaving the completed part intact. 
[image: Image result for dmls uses][image: Image result for dmls]






Figure 1: a 2D layer being sintered.                           Figure 2: completed part after all repetition action in figure 1.


Like Selective laser sintering, DMLS is also suitable for use with metal alloys of Ti, Al, Stainless steel, the most used metals in the modern world. 
As the laser sinters cross sectional 2D layers of the part over and over again until a complete 3D component is made. Once the laser has sintered the 1st 2d layer into solid form, a recoater assembly drags a new layer of metal powder over the whole base plate and the next layer is sintered on top again and again until the part is complete. The un-sintered metal powder is simply brushed away for re-use.
 The high energy laser beam fuses the particle granules in each 2d layer as the material converts the radiation into heat energy. The laser achieves this with high energy densities and short interaction times.  Multiple parts can be built at once which is only limited by the size of the powder bed. It is preferred to do as many as possible to reduce the un-sintered powder. DMLS can design metal components that are too complex or challenging for traditional casting or reductive processes. This makes this metal additive process excellent for industries such as aerospace, medicine as well as metal prototyping. For this method of additive manufacturing the metal alloy must first become powdered form. This is achieved by means of atomization. In this process, a liquid metal is bombarded with a high velocity gas/liquid which disintegrates into droplets which then solidify ( LAWLEY ) .

[image: ]
Figure 3: atomization of metal alloy into powder form
Once the correct powdered material is selected the design and sintering can begin. There must be a 3D CAD design of the model must be converted into STL file or whichever format which is compatible with the machine. The 3D model is effectively broken into many 2D layers of roughly 0.075-0.15 mm and this becomes the template of where the laser must sinter.Sintering is the third stage after the powder has been blended and mixed and involves heating the powder to a temperature  just below melting point to form solid-state bonding of the particles and strengthening of the part (Groover, 2011).  
The lasers must be powerful enough to heat the metal to very high temperatures based upon the melting point of the alloy in use. Depending on the material its usually either a CO2 or Nd:YAG (neodymium-doped yttrium aluminum garnet laser ). Stainless tell for example will have different absorption rates for these two lasers so they will have a different processing window and will behave differently to levels of binding agent in the powder. (Lee, 2017)
A binding agent is often added to make sure that the melt is even and also to affect sizes of particles formed in the metal and we can see the effect that has on the effective ranges of the ideal liquid sintering state.
[image: Processing window for stainless steel-Cu sintered by (a) CO2 and ...]
Figure 4:  Processing window for stainless steel for a) CO2 laser and b) Nd:YAG laser

















3. Friction stir welding 
For Our second alternative process, we will be looking at a type of joining process known as Friction Stir welding. This process was discovered in 1991 by the welding institute in Cambridge, UK.
Unlike traditional welding techniques that use an electrical arc between the electrode and the material to make a join, Friction stir welding (FSW) uses a rotational tool to bond the materials together. It relies on the immense heat from the rotating tool, which causes plastic deformation, and the traversing nature of the tooling to join the materials.
Although this type of weld is widely used on many metals, its mainly used on extended Aluminium and praised for its high strength joins which make it ideal for structural purposes. 
As with most finishing technologies the aims the same to construct materials that have uniform microstructure and a smooth, resistant coating. As it isn’t that a sophisticated method the only things we can influence are physical. The size and speed of the rotating tool as well as the advancing speed of the material being welded. 
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Figure 5: diagram of weld and tooling                  Figure 6: Graph showing welding force against metal hardness             of Al alloy 
The size and speed of the rotating tool, the advancing speed of the material being welded, the traverse speed of the tool, the axial force of the tool shoulder on the workpiece, the angle of contact between the tool and the workpiece, tool geometry and revolutionary pitch. (Cavaliere, 2013). The graph in figure 6 shows us that the least amount of downward welding force is needed when the metal hardness is at a certain level which will be unique for every material used which could hopefully be used to optimize operations.


4. Comparison
Advantages of DMLS
· DMLS offers accuracy very few others can.
· No need for additional material or support structures. The DMLS machine produces parts in the powder bin, regardless of its geometry, with just the un-sintered powder holding it together which is simply brushed away upon completion.
· Doesn’t waste any un-sintered metal powder
· 


Disadvantages of DMLS
· Porous parts which require additional treatments
· In terms of surface roughness, Parts that are made using DMLS have a variety of Finishing techniques to give individually desired properties. When comparing the hardness of DMLS products and ones made by traditional manufacturing processes, the findings are mixed. 
· Expensive start up costs– top of the line machines can range into hundreds of thousands
· Enormous power consumption – up to and above 20 kW
· Very time consuming due to very thin layers











Advantages of FSW
· Fully automated
· It can weld softer metals such as Al with reduced shrinkage. 
· Al panels will hold their shape despite lengthy welds, ensuring strength. 
· Considered a green process with no fumes or light emitted and with no shielding gas or welding wire consumed. 
· Less training for employees
· Flush welds every time
· No porosity in the welds
· Low welding temperatures mean distortion is limited so uniformity is higher
· Considered a green process with no fumes or light emitted and with no shielding gases or welding wire consumed. (TWI, 2020)

Disadvantages of FSW
· Heavy duty clamping is required due to immense forces on material
· Operating errors and malfunctions can be much more dangerous 
· In terms of finish although strong an exit hole is produced when the tool is taken away 
· Mainly used for longitudinal welding of long plates so not very versatile 
· More expensive than traditional welding for a large machine ($200,000)
· Slower welding process than some fusion welding processes












5. Applications 
With Friction stir welding we know that its best served making long uniform welds on sheet metal. For this reason, it is becoming a lot more common in the rail industry. Modern railway carriages are produced by longitudinal aluminum extrusions which also increases crashworthiness as there’s no transverse welds. (Kallee, 2002) 
[image: ] 
Figure 6: a train panel welded by friction stir welding
As we know FSW is not a surface treatment itself, but it is used for rolled metal sheets, mainly Aluminium alloys. Rolling is a very uniform manufacturing method and due to other added metals it gives a good smooth finish so when you use FSW to join them , you are left with resilient finish with no weakness in the weld. (AlFed, 2015) This means that the welding doesn’t need to be treated after completion. FSW does have its limits. Its better served producing larger scale welds for larger pieces of material. It’s perfect for forming long, structurally integral bonds that won’t leak or hinder the piece in terms or performance
DMLS produces a finish that is mainly porous and has strengths in other departments. If you were to design complex protype parts that cannot possibly be moulded, then DMLS would be ideal to give you these parts. Options out there for finishes on DMLS parts include CNC’ing to give highly contoured milling applications but will not add to the finish. Highly polished DMLS parts by manual, electrochemical and mechanical means are best with an electro chemical outer layer proving best (Plunkett, 2020)
FSW and DMLS are at the very height of sophistication in the field of laser sintering and additive metal manufacture. It will be fascinating to see how we utilize and refine their capabilities in the years to come
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